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' INTRODUCTION . , ' 

I. An active. processing strategies modfel of memory. 

The construct of 'intelligence has for a iong time 
rested to a great OJttent not upon learning ability or acqui- 
sition £££ se, but upon memory, or the- retention of informa- 
tion presumably, learned. ■ With no knowledge of whether or not 
ihformation was ever presented to a subject in the first place,, 
and Tio knowledge of the original level of learning if it was . 
presented,' we have, on our best measures of intelligence, pro- 
ceeded to make assumptions about intelligence -from measures of 

> .- ' ' 

retention. Consider, for example, the Information, Similari- 

f ♦ ♦ 

ties, and Vocabulary subtests of" the Wechslef intelligence 
scales. -Those three subtests obviously rely upon the testee's 
memory for information to which he is assumed to have been > _ 
exposed. A little reflection reveals, howeyer, that practically 
all other specific rec^uirements of tests of intelligence rest 
upon similar' assumptions and depend upon retention of verbal 
information or perceptual-motor skills. ^ . 

As Hunt (1961) has pointed out, the_ idea of fixed in- 
telligence has been one of the most ubiquitous concepts in the 
field of -psychology. Most professionals in plychoTogy and edu- 
c^tipn believed for a long time, and many- Still believe\ that ' 
intellectual abilities are mor.e .or less "given" at birth, and 
.fairly fixed or relatively impervious to any attempts to 
modify' them in any significant way. "if is- no wonder > then, 
•considering that memory has played such an. integral part in 
our^condept: of intelligence, that memoriy, too/ has, been 

thought of as essentially fixe^.-. The ability to remember 

' ' ' . 

things, has most' often been thought. 'of as a "gift", and, like 

intelligence, corisidered normally distributed in the popula- 3 



tion. 



F^nt (1961) . presented a most convincing argument against 
theicopcept of fixed intelligence. • Vt we accept his con9lusion 
as a. premise, .and. consider how^largd' a part memory ptays'in . 
our concept of intelligente, it bedbmes reasonable to assume 
that memory processes are ameirablef to environmental inter- . 
vention. An active ^processing strategies model of memory as- 
•sumes that the ultimate recall ofl any information is largely 
.a. function of what the organism ictively does when he is, ini- 
tially confronted with the stimulus complex containing that 
information. Memorization is npt- an automatic process, nor • _ 
does it always necessarily involve the same types of cognitive' 

» / ' 

activities. The act^f CDmmiiy:ing something to memory, rather, 
involves one o'r more of many Possible cognitive strategies which 
are put to us6 in an intentiofial manner. Flavell (1970) has 
been one of the proponents of such a 'view of voluntary memory 
in his numerous suggestions- /that 'the development of memory * 
with kge consists of lear;iiAg-, and learning to use, various 
acquisition strategies. • There 'is now an Abundance of empiri- 
cal evidence to support suih a notion ;.(feelmonl & Butterfield, ; 
1969, 1971; Flavell, 197Q;/ Flavell; BTiedrichs, & Hoyt, 1970; 
^Hagen, 1971; Neimark, Slolbnick, & uirl^ch , ' 1971 ; Appel, Cooper,, 
McCarrell, Sims-^Knight^ Yussen, & Flavell, 1972). Appel et 
al.(1972), for'example, have demonstrated that deliberate 
memorizing only gradually emerges as a separate and^distinct 
form "of cognitive encounter with ^he envi^ronmeht. Memorising 
necessarily includes perceptual contact with the environment, 
but it goes beyond the deyelopmentally earlrier act of per(?ep- 
tion. Neimark et al. (1971) found that when identical mater- 
ials and instructions are presented to. children of different^ 
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ages, the increased recall jon the part' of the older children 
is* a function of qualitative changes .in what the children d6,. 
with thi materials' at the timg- of initia'l presentation.' 

iith respect to mentally' retarded persons, or for that • 
matter, any persons who have trouble recalling information, 
the preceding model ^suggests several possible reasons for their 
poor recall. One possibility is that they have never learned ^ ' 
memorization strategies. It is interesting thate while we 
^ji^ver endeavored to teach children content-orientQd subjects ♦ 
like history and' geography and sill^oriented subjects like 
reading and arithmetic, skills like strategies for remember- 
ing things have been only incidentally considered. Flayell 
(1971> concludes his analysis of the de,veiopirfent, of memory 
with ? quote from Adams (1967) whith bears repeating here. ., . 

"We have yet to appraise tho'roughay the' variables, for • 
teaching effective' mediators , but the practical impli- 
cations of this method are. large. Ther'e is^ no reason 
why schoolteachers of future generations should not . 
show students w&ys of learning materials that^will re- 
sult in their high recall. At present, students are .. 
given materials for learning and left to the.xr own _ 
memory devices. How much' better it wou^Ld be if. an m-. 
stractor told the Students about prQved mnemonic de- 
vices and saw that they used them^n systematic, ways 
■ (AiSmas; 1967, p. 134) ". ' , 

. .Beyond the possibility that some retarded persons have never 

'learned memorization strategies, there is the ' possibility that 

• they have learned some strategies but not the most efficient 

and- productive ones. Furthermore, there' is the issue of know- 

ing when' and where to use the strategies which one does have, 

as well as the issue of propensity to use thos.e strategies.- 

In addition to the studies already cited . as empirical 

6vidence for the validity of an active processing strategies 

model of m'emory, some researchers have attempted to specify 



what these strategies are« ^-Then a* per son is conf^ohtfed with 
information to be memorized, these are at least three differ- 

ent processing strategies which have been found to facilitate 

) 

recall* One cari "rel^earse" the information/ or simply re- 
peat ib over and over again so that it remains in- immediate ^ 
consciousness for a^ longer. period of time; one can "organize" 
i;he input in some manner, or one can "elaborate" the input 
add something to it.- The work of Belmont & Butterfield (1971), 
stemming €rom the ' theoretical speculations of Ellis (1970) con- 
Gemini the function of rehearsal processes in memory of re- 
tarded persons,, has shown that when retarded persons are taught 
to apply .active rehearsal strategies, their recall , is facili-r 
tated. Some. of the evidence (e.g. Spitz, 1972; Spitz &. Webreck^ 
L972,- both of. which are extensions of Spitz's (1966) theore- 
tical speculations about the function of input organizational 
capacity .of retarded persons) shows that retarded persons 
can markedly improve their /recall performance if they 'are pre- 
sented with, stimulus materials which have highly salierit or- 
ganizational .cues". With respect to elaboration, several studies 
(e.g. MacMillan, 1970; Jensen &. Rohwer, ' 1963 ; Turnure & Walsh, 
1971; Taylor, Josberger, & Knowlton, 1972) have found that 
when retarded subjects a^-e taught .to provide' mediating links 
(i.e.; to "elaborate") fo,r paired associates to be remembered, 
■their subsequent recall ^is facilitated. 

■ All ofVlie^e'^ecent findings, taken together, are ex^ ' 
.tremely encoura&ing, especially in light of Belmont's ^1^6)^ 
opinion that no Vpnclusive evidence has been found that reten- 
t'ion or memory £er se is deficient in- retarded populations. 
4elmont aF.d Butterfield (1969) further conclude that the lit- • 

'6 



erature contains'' no compel'ling evidence t*hat forgbtting rate 
'decreases with either' age or intelligence. ^ • . ^ 
* . one task before ••us, as researchers, is to continue to, 
demonstrate that active processing strategies cai^ be taught 
which facilitate the' recall of information. More importantly, 
however/ we mwst attend to one of- Flavell's (1971) suggestions 
that the next logical direction future xesearch on the issue 
must take is toward facilitation of memory on practical, func- 
tional, "real-world" types'of tasks.. We must become awar^of 
"the types of information it is important 'for retarded persons 
arid children to be taught to remember, and we- must then attempt 
to/teach processing strategies which can be tailored to the 
various types of information. . , ' • . c 
"11. Measures .of Aquisitional Strategies 



■ ' -A number of different measures of acguisitional pYocesse 
have been ysed in developmental studies of memory. Neimark, 
Slotniok, and Ulrich .(1971), for example, found consistent 
differences in the ways older and youngerTcKildren organized ..- 
pictureVMuring study sessions. ' This- measure was found to 
correlate. positively with amount of material recalled, and 
it was inferred that older sulDjects* greater level of recall ^ 
.was in part due to their greater propensity to organize mater- 
ials sponianeously during acquisition. Iii_s.everal studies, 
verbal .rehearsal during acquisition has been observed directly, 
and developmental differences in this measure have been related 
to the development of better recall (FlaveTOr, feeach, & Chinsky, 
1966; Keeney, Cannizzo, & Flaveii-, 1967). Belmont and Butter- 
field ' (1971a, 1971b) relied upon the analysis oT hesitation 
patterns on serial learning tasks to infer that, retarded sub- 



jeqts were not rehearsing in the same manner as nonretarded ^ 
subject.s. Ellis (1970) coBclusidhs /concerning a "rehe^sal 

'deficit"* in retarded subjects were fche result of infefehces ^ 
made from different serial . position ^curves for retarded and - • 
nonretarded groups. In- some s,tudies nonverbal a^quisifegoi^al^ . 
strategies like pointing " have been observed directly '{Daeh- 

"leri ,Horowij:z, Wynns, & Flavell, 1969).. - In, a recent develop- 
mental study, Appel., Qooper, McCarrell/ .Sims-Knight, Yusseri., 
& .Flavell (1972) used jovert behavioral evidence (naming; lip 
movement^; cumulative rj'ajj^ing as well as an inference drawn 
from differential recall performance ^y older and youfger groups 

.as a f|inction o£^4nst3juctional condition to support Flavell 's • 

'(1970) hypotheses conderning memory 'development. "For younger 

■ subjects, no differendies in recall resulted from instructions 

I ■ ■ - ' • ' . ~ 

to remember a series 6f pictures -when compa^^ed- wi-th instruc- 
tions merely to. Ipok at the picture's. . Recall performance 
was better in the "rejnemb'er" condition for older subjects, _ 
however, an^this fac^'t stre^ngthened the inference that 
active strategies employed Sur.ing study periods significantly 
affect recall, and develop with age. . ' • 

The understanding of developmental aspects of acquisi'r 
tional processes hets, then, "rested upon several kinds of em- 
pirical evidence differing in degree and type of inference in- 
volved. The diversity of the types of measures used to support 
the contention that acquisitional processes (^evelop with age 
contributes substantially to. the validity of that contention. 
In one "of hi? methodological suggestions for future research, 
Flavell (1970) suggests that researchers" ... investigate the 
ocQurrence-nondccurrence and the structure* of ordinarily co- 



vert mediationar- activities by rendering' them 6bserv^ble^. . 
(p. 207)." Reqttiring subjects to rehearse overtly during acqui- 
sition is an example of one method of doing 'this , 'but the analy- 
sis of physiological changes during processing is felt to be 
a technique which offers several advanta'ges beyond measures ^ 
^hich have* been used previously, ' \ 

In studies irwolvin? adult subjects, one physio log i.cal 
measure, the .pupillary response, has been demonstrated tO.be 
a useful index of covert mental processes (-Hess & Polt, 1964; 
Kahnemah & Beatty, 1966; .Stanhers & Headley, 1972). Such .-a ^ 
measure is beneficial because, unlike many inferential .measures 
it can index acquisitional processes as they are occurring. ^ 
The measure also does not require. forcing the sul^ject to. per-. ^ 
form overtly ^.operations he might ordinarily perform^in a eo- 
Vett manner. Also, since. th? measure/ has beeh-shown to re- ' 
fleet nonverbal proc^pses such as imigery ' (Paivid & Simpson, 
1966K it is' applicable to the measurement of covert m'ental 
operations which are pe;chaps unobseirvable^ in any more direct 

manner. ' - / 

Hess's (1965) article which summarized his research for 
I, / ' ' / 

several years on the pupillary re/kponse was instrumental in 

focusing a lot of subsequent attention on the measure, al- 
though his was not the first research on the significance of 
the pu{>illary response to "psyc/iological" stimuli ^see Gold- 
water, 1972 or Lowenleld, 1958^/for reviews which: present broad 
historical perspectives)^ On^ aspect of the pupillary response 
•brought out by Hes^ (1965) w^s that it appeared to be sensi- 
tive to tasks felt to be , emoyiojially arpusing. A lot of sub- 
sequent research^aS found the pupillary response to be con-^ 
sistently related to a construct which has been called at 



different times, "interesti "emotion", "af f ect" ^'-motivation" , 
or "preference". Nunnally ,;Unott,;^ Duchnowski , and 'Parker. (1967) 
looked at the pupillary response to five types of stimulation 
whicK wei:e' felt to all someW relate to the overriding^ con- 
struct of "activat'ipn" and found support for the idea that the 
pupillary response is' one*- component of the orienting response' 
and that the pupil will even dilate to-a. sudden increase in 

illumination, thus overriding the normal- light, ref lex. - la 

looking af'alf the^research on "non-cognitive" aspects of , . 
the pupillary response, it seems undeniable that dilations 
in ceiTtkin situations, are most accurately described as being 
part of, or due to, a general activation, or orienting- response^ 

Hess's /(1965) article also presented evidence that the 
pupillary response can be a measure of more than arousal. In 
one of' the' studies reported (Hess & Polt, 1964) , two basic 
aspects of the pupillary -response during a' task , involving 
"cognitive processing" or "mental effort" were detailed. The 
first aspect is what Kahneman tKahneman & Beatty,' 1966; Kahhe- 
man, Onuskd,- & Wolman, 1368; Kahneman & Peavler^ . 1969) has come 
to refer to as a loading-unloading phenomenon.' On a digit span 
task, for example, the pupil gradually dilates ("loads") during 
digit t>resehtation and subsequently constricts ("unloads") as 
the subject 'reports the recalled digits. The second aspect 
concerns a problem difficulty factor. It w^s shown in the Hess 
& Polt (1964) study that multiplication tasks independently 
rated as more difficult got greater and greater degrees of pupil 
lary 'dilation. This relationship between difficul.ty of problem 
presented and mean extent of dilation has been replicated with 
A variety of different types of mental tasks. Kahneman and 

10 " V- 
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Be^tty (1966*) ' found progressiveiy. greater" degrees of d'il^^. 

- tion for memory^ tasks involving '^Jigit strings .of different - , . /■ 

■'• ■ ■ ■ . ' . \ ~ " . • ■'• •- • ■ 

lengths and foi?' digits, words, andMigiNr transformations. ••' 

Other studies -supporting the relationshipjAre ^haefer, Fergu- 

'.son, Klein, .and Rawson- (1968) ; Payne, Parry/ and Harasyiniw 

■' -> ' • • • . .' ... 

"(1968); Bradshaw (1968) ; Kahnemari, Onuislca, and Wolman (1968);, 

Paivio an^ Simpson (1966) • • . . * , 

It appears that pupillary- changes in the preceding "types 
of tasks are ref lective..jiot of respond^ntv or reflex behavior, 
but of voluntary, directed behavior which. c;ould be co'nsidered 
essentially' no different from m6r^ (jli^ectly observable .oper-^ .. . ' 

■ ant behavior. The pupillary response sjems to be consistent ' ^ 
with theories of what the subject is trying* to "dp" to' the sU.- • 
muli presented. As Kahneman , (Kahoeman &• Wright, i;971) has poinJ:ed, 
out, it is incumbent upop the investigatQr 'to have some 

theory of what the subject 'is doing when t^ pup>'lla|i^ response " 
is. recorded if he -wished to make assumptions- *a'bou\ «the response ^ 
as indicative of a specific psychological propess. Kahneraaa s 
expressed purpose is to build construct validity fo'r the con-. 

- struct of rehear'sal by bringing together a tentative Ctheory • ^ 
and> a tentative measure (the .pupillary* response) of/ rehear sal. ■ 
The idea is, of course", that once the validity" of the .measure 
as an index of processing I'oad or mental effort has been es- 
tablished, it can be used with fewer restrictipns and qualifi- 
pations t© answer questions about €he process it supposedly 

■ mirtors. ■ , • - ^ 

• h'K central methodological issue has been whether or not , 
the pupillary measures of "cognitive processing" on one hand, 
and. "arousai"" on the •other are confounded -in any given ^peri- 

' ■ - . 11 " « ■ '■' 



. ♦ ' * ^ mital-task! Sevjeral studies iCKahrtemari &.B^abty; l-9677r Kahne^an 
-•vr •- ■ ^'s'^li^avler/ 19-69; Oiyinson, 1971/' ifa'hrieman & , Wright, 1^71?. Stanriers • 

, • • " •&'Headiey, 1972) Jiave ^ttempt'ed to unravel this complex issue.' 

* , 0. \ Every study Hiit One (Kah«ernan & Peavl^r^ .1969) > 'hpwever , has ^ 
. „ invOlTfed't'asks.difffering, in difficulty.-. As an example,, the . *• • 

. - ,, Kahneman-and Beatty .(1967)' study was concerned with, pupillary- 
responses' in a pitch discrjjnirtation task,,--Xt was iound that^ ^ , 
as the comparison tone got, more and more similar to the standard- 

• • . • . 

' ' ^ tone (a-.e\,. the task got more difficult), dilatipjis were cor-- 

** # • 

^ ;. responding ly greater .'• Kahneman interprel^ed the dilations as 

indica.ting increased. process-ing' load during €he more difficult 

- discfiminations,C saying, "the magnitude of the responses that 
have been descrWd here is 'clearly not detexmined by the aroUs- 

■■■ inq characteristics <ff any stimulus, rather it corresponds to 

"what the organism does with the information conveyed by a 

- ' • ■ ^" 

. ' particular stimulus", (-p. 104) The alternative explanation 

' is, however, tW a more difficult discriminati'on could be 

accompanied by increased arousal and that the arousal con- 
■'\ • . struct oan Account €or the ^Ata jiist- as adequately. Kahneman ' 
recognized this .argument ,^ut feels that, "...proponents _ 
of su.ch a view may . have to broa'aen the concept 'of anxiety so 
much as to make it either -virtually meaningless or else a synp^-- 
nym of processing load", (p. 104).. • ^ ■ ^ . ' ' 

. ■ * -.The Kahneman.'and Peavler (1969) study appears to be the 

/ . . strongest support for the "processing load"" hypothesis, ^ince 

" . that study iHvolved tasks of' equal difficulty. The idea was • 
. ' to see if differential incWtive values plaOed upon pairs to be 

assobiated would evidence different, pupillary responses which . ^ 

^ • ' ' . . ■ . • ' • .. ■" 

"•would correlate .highly with items actually learned. In. the .. 

Id ' , :■>.-..■• i 
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paradigm, during the study trials the stimulus cued the subject 
as to whether the pair to be learned was a high incentive (i.e., 
• -learning it would pay off more) or a low incentive pair.^ From 
the "arousal" point of view, subjects should have been differ- 
entiaily aroused from the onset of the stimulus. High incen- 
tive stimuli should have evoked greate^ pupillary' dilations 
due to greater airausal. ■ From the "procressing" point of view^ 
the differential' dilation should not have come-until both sti- 
mulus pairs had been exposed, since'the dilation should fee due 
.to effort exerted, while' trying to fprm the necessary associat.ion 
, The results, favored the "processing" interpretation. 

If use oS pupillary measures on cognitiive tasks_ spuid 
jnly result in more .infonrat ion concerning ptoblem difficulty., 
its continued use would be difficult 'to defend, in light of 
the av^labili^ of simpler, equally informative measures_^uch 
as error"^ rates or response patencies . In several studies, how- 
... ever, the measurement of pupillary activity' has provided- infor- 

- ' mation about covert mental operations which is inaccessible .by 
any other means (Kahneman £| Wright, 1971;' Stanners & Head'ley, 
; 1972; Stanners, Headley & Clark, 197.2; Wright & Kahneman , 1972)-. 
Kghneman and Wright (1971), for example, were abl.e to confirm- 
several hypotheses concerning the nature of covert rehearsal . 
^ ■ as a function of varying task demands (whole vs. probed recall; 

long v^. short retention intervals) using pupilary- measures. 
' * ■ In that study, as in many others,, the alternative means of elu- 

• • ■ : cidating th^nature of rehearsal activity was to ask subjects 

' - for introspective reports.' Stibjects in such experiments typi- 

cally have no clear idea of "the effects which subtle task de- 
mand changes have' upon tlteir processing strategies. 

ERIC ' \ ' 13 . . ' 



Few studies have been conduQted which haveVused 
pupillary activity as an index of covert processes during 
cognitive tasks with children or retarded persons as subjects^ 
In one of the only, studies which has ddhe so, ±he effects of 
arithmetic difficulty on pupillary dilations in* normal and 
retarded children appeared to support the feasibility of using 
the pupillary response a^ an empirical means of studying indi- 
vidual differences in cognitive processing (Boersma, Wilton, 
Barham, & Muir, 1970).' The present studies represent a 'series 
of propaedeutic studies to confirm the sensitivity of the mea- 
sure to individual differences in processing ability. 
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_ GENEPAL PROCEDUI^S ^ - 

• * • 

Subjects 

All subjects had felativejly light-colored irises 

♦ 

(blue, green, or light Srown) • This restriction was ^neces- 
sary because of limitations in the data-gathering technique. 
Maximal contrast between iris color and pupil color (black) 
is necessary to provide photographs clear enoug)i to obtain 
pupillary measurements. 
Apparatus Materials 

^ As subjects listened to stimulus presentations, they 
rested their chins on a padded, adjustable chin rest, and 
gazed into a ^viewing box measuring 58cm X 60 cm X 68 cm. ft 
Bolex H16 16mm movie camera equipped with a 100mm macro-lens 
and 15mm of extension tube^ is mounted outside the viewing 
box on the left ^ide with the lens protruding into the box. 
Mounted inside -the box is a small (10 cm X 16 cm) adjustable 
op^tical quality mirror ^which reflects the image of thfe sub- 
ject 's right eye into the camera lens. The camera is driven 
by a 15 rpm electric motor at a film speed of two frames per 
second. A frame counter geared* to operate directly from the 
motor drive insures precise coordination of fil^. frames wit'h 
stimulus presentation. . ' ' 

--^translucent screen covering one side of the viewing 
box is^illuminated with two 15 watt fluorescent bulbs such 
that the level of illumination at the subject's eye is approx 
mately 65 £tc. This level of illumination is sufficient to 
obtain clear photographs v;ith Kodak Tri-X Reversal film at an 

f-setting of 2.8* ^ 

J- 0 
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Following data collection, film w^s removed from, the- 
camera and developed as negatives. A f rame^^by-f rame measure- 
"ment of pupil size 'was accomplished in the following manner: 
'Using a microfiche reader / each frame was magnified approxi- 
mately 15 times actual size and the resulting vertical dia-' 
meter of the magnified pupil was itteasured with a millimeter 
ruler. Only those frames in whiih' the subject was looking 
directly ahead towards the center of- the screen were measuired. 
Shifting of- focus to. nearer points or darker areas within the 
viewina box results in artifactual dilc^tion 6t the papil- 

Average pupil size during a 10-second period before 5^^^ 
sentation gf tlie .|Eirst stimulus constituted a baseline measure- 
ment. Pupil sizes during stimulus "presentation were convertfed,^ 
to deviations (positive or negative) * from each subject's in- 
dividual baseline measure. In. order 'to compress 'the pupillary 
data, deviations from baseline were averaged every five frames, 
with no ^erage being made on fewer .then three good measurements 
-yithin the block 6t five frames (BFs) . Pupillary deviation . 
scores v/ere expressed in units of tenths of millimeters of mag- 
nified pupil "size. For example,- if a subject's baseline average 
was 20.0 mm, arid his'^pupil size, for the first bloc^. of frames 
was 21.5 mm,' his first pupillary deviation score would be +15. 
if his pupil size for the. next block of frames was 18.? ftmi, 
his second pupiJ.lary deviation score would be -15. 
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^ Experiment 1: A Developmental Study of Pupil Size During 

/ the Pre,sentation of Words for Free Recall 

In the present study, analysis of pupillary changes during 
the presentation of stimulus materials were related to age and 
instructional condition using a task similar to that, used by. 
Appel, Co<^per, McCarrell, Sims-Knig^ht , Yussen, & Flavell (1972). 
If the pupillary evidence converges with the overt behaviotal- , 
and inferential evidence reported in that study, older child- 
ren sRoulci exhibit greater pupillary dilation in a condition 
in which they are instructed to remember than when they are 
instructed only to listen to the stimuli. Younger children 
and retarded children, on- the other han<l, should exhibit less 
differences in dilation as' a function of instructional condi- 
tion. " This hypothesis is derived from theoretical considera- 
tions regarding both memory development and •the nature of 

\ ■ 

pupillary changes . during cognitive tasjcs^t 

'Method' 

Subjects . ' 

Thirty children enrolled in public school classes served 
as subjects for this study* ' The three experimental groups 
were as follows: tenrchildren (5 males and 5 females) from first- 
glrade classrooms; ten children (6 males and 4 females) from 

fifth-grade classrooms; ten children (4 males and 6 females) from 

I* • 

fifth-grade classes for the educable mentally retarded. 
Means and standard deviations of CA and IQ data are . presented 
in Table i. IQ scores of the retarded children were taken from 

-ERIC ( * 
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school records, and wef^ all based on administrations of either 
the Wise or the Staiif ord'-Binet . l^o score was based on a test 
administration w^iich was more than two years old. 
Procedure ^ - 

' Each subject was taken individually by the experimenter 
to the room where the experiment was conducted. After both . 
subject and experimenter were seated, the experimenter began . 
explanation of fehe task. 

Two tape-recorded lists of nine words were presented 'to, 
each sui^^ject. through ^headphones at a 'rate of- on€ word eVery 
five seconds/'' ©oth lists consisted of fajniliar nouns, three 

, - - n - 

words from each of three categories. List 1 words vipre hand,- 

' • ' '. 

foot, ear, Apple, orange, peach, plate., spoon, ajid fork. Lxst 

II words 'were bicycle, trtick,,bus, cat, pig> cow, belt, shirt, 

and cpat. The presentation order of 'words f^r each list wa's^ 

pseudorandom and fixed, with the restriction that no* two . 

words from the sameu^category were' presented tsuccessively. 

All subjects listened to two lists of words; one list 

under a "remember" instruction, and one li^t- under .a "listen" 

instruction. The order of instructional conditions, and speci- 

fic lists (3* or II). were counter-balanced over all subjects. 

The two instructional conditions were designed to be. similar. 

to those used by Appel, Cooper, McCarrell, Sims-Knigiit , Yus§en, 

an^-Flavell (19'72). One obvious difference was that inasmtrch 

as the present study involved an auditory rather than a visual 
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task, the instructions were "listen" and "remember"' rather 

than "look" and "remember".' Instructions varied slightly 

depending upon whether. the subject was in a remember-li steri 

or a listen-remember g^oup. Subjects in the listen-remembei^ 

group received the following instructions: ^' 

• Listen: "I have some words l-jwant you to listen to. 
I want to know if you can he^r all these words clearly. 
After you've heard all of them, I'll ask you if you 
could hear 'them alL.clearly • " 

Remember: "I have some more words I want you to listen 
to. This time, though, I want you to try to' remember 
the wo^ds you hear. After you've heard them all, I'll 
ask you to tell me what words you heard." 

* Subjec€s in the remember-listen groups received the follow- 
ing instructions: 

Remember: "I have some words I want you to listen to. 

I want to know how many of them you can remember. After 

you've heard them all, I'll ask you to tell me what -words 
you heard. " - - . ^ 

Listen: . "I have some more words I want you to listen to. 
This time, though, I just want to know if you can hear all 
of the words clearly. I'm going to use the^se" words with . 
some children^ and I want you to help me check them'. 'Af- 
ter you've heard them all, I'll ask you if you couid hear 
. them all clearly." - ^ • 

All subjects were pretested fojr their understanding of 

each of the two tasks. For the listen task, the subject was 

given an instruction to listen, and was given two short trials , 

of three words each. On' trial one, the experimenter presented 

two of the -words clearly, and one >;ord was spoken in a barely 

audible whisper. -On trial two, all three words were ^spoken 

clearly. .In order for a Subject to pass this pretest, he v;a^ 

requi-red to ajiswer correctly the question, "Could you hear all 

the words clearly?" for both trials. For the remember task, . 

the subject was givop an instruction to .remember, -and was -given 

HF' - • 
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one trial of three words • The requirement for passing this 

pretest was the correct repetition of all three words when 

asked to recall them* No subjects were excluded from the 

experiment for failure to pass the pretests. ^ , 

Upon completion of the pretests, each subject's head 

* ♦ 

was aligned "precisely on the chin rest such that the right 
. ey-e was within the camera's field, and th^ proper experimental 
instruction was given. In addition, subjects v;ere instructed 
to ])old their heads as still as possible and to look at the 
cross in the center of the screen as they listened to the words 

The camera motor and the tape recorder were switched on 
simultaneously, and both were switched off at the conjpletion 
of each list. Following presentation of each list, recall 
for the words was- tested. For the listen condition, in which 
no instruction to remember was given, the experimenter said, 
"I know, I didn't ask you to try to remember what the words 
v/ere, but just* for fun let's see if you can remember any of 
them." 

Because eventual analyses' of pupillary data were based 
on natural logarithm dog^) transformations a constant was 
added to all pupil size deviation scores to convert them to 
positive numbers. Since vVord presentation for each list lasted 
45 seconds (nine v;ords; one -word every 5. seconds) ^ and film 
speed was two frames per second, for each list a subject's 
pupil v;as photographed 90 times during word presentation. Aver-, 
aging every five frames, this figure was reduced to 18 pupillary 
deviation scores per subject. Two other indices of' pupillary 
activity were used. Since all subjects showed initial dilation 
(positive \pupillary deviation scores) during word presentatipn, 

20 



the magnitude of each subject's greatest initial dilation, and 
the time to "that first dilation "peak" 'were measured. ^ 

Results 

In order to achieve the desired sample of 30 subjects/ 
10 in each group, a total of 47 subj ects , were .te;sted. Of these 
pupillary scores from 17 subjects could not be used for various 
reasons. In some cases, too maay film frames were unscoreable 
because. subjects did not follow instructions to gaze at the 
center of the screen during word presentation. In oLhei; eases, 
excessive head movement caused blurring of film, or the head 
V7as moved forward or backward out of the camera's range of fo- 
cus. The criterion set. for discarding subjects* data-was this: 
if 30% or more of the film frames were judged unscoreable by . 
either of the scorers, that subject's pupillary measures were 
not used. Of the 17 subjects whose pupillary mfeasures did not 
meet that criterion, nine were from the first grade group, 
three were from the^ fifth gi^ade group, and five were from the 
retarded group- Mean- recall scores for the whole (N=47) and 
the restricted (}<I=30) ^amples are p^resented in Table 2. - 

; Insert Table 2 . 
about here 



To determine the effect of excluding subjects on the recall 
scores', mean scores were co^ipared .with t-tests by group and 
condition. Since no significant differences were found, only 
the recall scores of the 30 subjects in the restricted sample 
were included in subsequent analyses; ; 

V 

Recall Data . ■ ' 

A 3 (Groups) X 2 (Instructional Conditions) X 2 (Order of 

'21 ■• 
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Conditions) analysis of variance^ was performed on the number 

s 

of words -recaliec^. ^\Tii}e no significant main effects wgre re- 

" / • * 
* * / 

vealed, the predicted -Group X 'Instructional Condfetion effect^ 

/ ' . \ ' » ' '1' ' 

seems to be due to the fact that while performance of the fifth 

grade qfoup in the Remember condition waS superior tQ their 

performance in the Listen conpition, performance of the others 

tV70 groups .was comparable injSbth conditions. ^ 



rnsert.' Tablte 3 
abput here 



-Degre^e of clustering v/as assessed with the following index''** 

which relate^* the amount pf clustering exhibited to the amount 

possible relative to the iniimber of words recalled: 

^ , . number of common category vTor^s 

. ^Sdex'"^ = juxtaposed in recall ^^^^^ 

to/tal number of v/ords^-pecalled . ' ' ' ' 

V 

For example, if fiv| woi-ds were recalled, a clustering index 
of 100 would require all three wordS from pne category and two 
of the words from an additional category juxtaposed in .recall^' 

" .The effects of experim.ental conditions on clustering 
were determined by means of ^.3 H[Groups)jX 2 (Instructional Condi- 
tionS) X 2 (Order of -Conditions) analysis of variance. 'Bhe only 
significant effect was the Group main effect. (F = 5.37, 2/24 df, 
£< .05). No- other main effects or interactions were signifi^ 
cant. Inspection of the group meane presented in Table 3 shows 
that- clustering* v;as greatest in the first grade group, followed 
by the retarded group, and the fifth grade gpoup. Since no main . 
effects or interactions involving the factors of Instructional 
Condition or Order of Conditions were significant, means in 

ERlC / . 2,2 , 
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Table 3 were ■ collapsed over those two factors. ' • 

The degree of cumulative recall ,was assessed with the* follow- 
.ing index which is similar to the clustering index: 

• number of successively presented 



Cumulative 



words juxtaposed in recall ^ ^,00 



Recall Index total^ number of words recalled 

A 3 (Groups) X 2 (Instructional Conditions) 2 (Order of Condi- 
tions) analysis of variance was-^erf ormed on the^cumulative recall 
.scores. As in .the clustering analysis, only the Group main 
effect was significant (F = 3.73, 2/24 df, p < .05). Referral to' 
Table 3 reveals that the cfumula'^tive rfecaljL. scores of first grade 
subjects "were considerably lower than the scores of the other 
two groups . 

. • The final analysis performed on recall .scores was a 3 (Groups) 
X 2 (Instructional Conditions) X 2 (Order of Conditions)' X 9(Seria'l 
Position) analysis -of variance. The only significant effect 
revealed by ' this "analysis was the .main effect for Serial Position 

r 

(F=6.27; 8/192 df , p < .001). Two effects' which approached _ 
significance, however, were th^ main effect for Group (F = 2,91, 
2/24 df, p < .10),' and the Instructional Condition X'Serial 
Position interaction (F = 1.72r 8/192''df; p < .10).. Figure 1 
represents serial position curves "by group and instructional 
condition. The curves demonstrate a striking primacy effect 
and a much less pronounced recency effect 'for each group and . 
both conditions. . ' , * 



Insert Figure 1 
■ ' about here 
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Pupillary Data . -. ^ . ^ 

Reliability, of measurement of ">upil. size^from individual 
film frames was d-etermined by hiving two scoreers ob€ain mea-^. - 
surements independently for the first five subj.ects. VVhile . ■ 
neither scorer was naive to thk general; design and purpQse**<?f _ 
the ex^'eriment, neither scorer was aware, of the instructional. •■ 
"condition for the "frames being, measured. ' Based on a' ■c<srreia- 
tion of measurement^ for^the first five subjects (5 subjects 
X 18 blocks of frames/subject = 90 measurements) , i-nter-scorer 
agreement was +.72» ^ 

' ■ After the initial determi/iation of measurement reliability, 

-'. - 

one scorer measured the fiim frames for 'the r.einaining'^'subiects. 
In an additi&nal'attempt to insure reliability of measurements,, 
assessments* of in^ra-sCorer consistency were obtained J?y hav-iftg - 
each .-scoreV sj^lect one' subject ' s pupillary data for the other- 
scorer, to measure a second time. Intra-scorer agreement was 
+ .^6 for .scorer 1 and -+.89 for scorer 2. ■ 

" Mean pupil si^e over the 20 frames immed-iately preceding 
the presentation of -the first word constituted a baseline score 
for each subject. Baseline pupil size means by group arid condi- 
tion -are pres^'nted in Table- 4.* , • . 

• Insert Table 4 Here 



Differences between meanq, as a" function .of group and condi- 
tion were -assessed with t-tests. No significant differences were 
revealed when baseline pupil size was compared-f or the two in'struc- 
tional conditions within groups. Since no differences within group 
as a' function of condition existed, these means were collapsed ^ 



acro.is condition, and %he over-all group means were cojnpac.ed. The. 
Dver^ll first-grade mean (X = 2.93, SD = .2.3) was significantly 
greater than both the overall fifth-grade mean (X = 2.71',. SD=.10) 
(t = 4*40, .''38' df, p. ■< .001) and the overall MR m^an * (X = 2.67,- 
SD = .42.^ (:t = 2'.36, 38 df, £<^.05).. The fifth-grade mean and. 
the MR. mean did not differ" 'significantly • 

.The initial pupil ^size analysis was per-formed on deviation • 
scores over the 18 blocks of frames in each condition. Neither' ^ • 
bf" the predicted interactions involving groups and conditions ^ 
'were significant in this analysis. All variances, however ,* were 
found to be widely dis.crepant , and the assumption of homogeneity 

f • 

■of variance did not seem warranted (Fjj,ax ^ 9/108 df ) . 

Natural logarithm (log^) transformations were performed 
on the pupillary measures. This procedure was justified in 
light of the finding with respect to heterogeneity of variance. 
'Previous investigators have -treated pupillary data/irw^ similar ^ 
fashion (Boersma, Wilton, Barham, &. Muir, 1970) . Since in some 
cases pupil-lary deviation scores for blocks of five frames were 
negative, a constant of 50 was added to each measurement to en- 
able "the transformations to be made.- 



Insert Figure- 2 about 
here 
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Figur;e 2 shows changes in log dilation over the course of 
word presentation for the three groups. A 3 (Groups) X 2(Instruc- 
'tional Condition) X 2 (Order of Conditions) X 18 (Blocks of 5 Frames) 
analysis of variance was performed on transfoi;med pupil size scores 
Significant effects were found for the Blocks of Frames main effect 



<F=2.87, 17/406 df, £ <.001), the Groups X Blocks of Frames' 

interaction (F = 2.11, 34/408 _d£,_ £ < ;001) , and the Groups 

X Instru'ctipnal Conditions X Blocks 'of Frames interaction 

= 1,55? 24/408 df, <.05).. In addition, both the Instructional 
^ y . ^ ♦ • 

Conditian main effect (F = 3.83, 1/24 df, p < .10) and the 

Groups X Inseructional Condition interaction (F = 2.48, 2/24 df, 

£ < .10)" approached ^sigjiificance. - . ' ^- ' ' ' 

it is apparent that the patterns of pupillary - size over 

the course qi word presentation were different for the three 

*• ' " 
groups. For the first grade group, a sharp .initial dilution. was 

.followed by a Sizeable decrease in pupil size after the presenta- 
tion of thr^e or four words.. The decline is greater in the Re- 
member cohditioit, as pupil size iiecreases at one point to a level 
lower tman pre'^presentation baseline. The fifth grade group ^s 
pupil size pattern is quite different. Although some variability 
is evident, a fairly consistent level of pupil size is main-ffaJindd 
over the .course of word pre'sentat ion ' in both conditions. The 
pattern of- pupil size of the retarded group is similar in some 

respects to that of the first-grade grpup, in that an initial 

• ' »• 

dilation is. followed by a decrease in pupil size. The two pat- 
terns differ, however, in that the rate of difktion is consider- 
ably slower for the retarded group, and the level does not begin 
to decline until around six words (12 blocks frames) have been 
presented. V , ' ' 

All subjects showed an initial dilation when word presenta- 
tion began. Table 5 presents means by groups and conditions for 
magnitude of fir^t dilati9n "peak" \i.e.,^the point at which pu- 
pil size first ceased to increase) . Mean latencies', or times to- 
first dilation. peaks are also presented. 



.-A3 (Groups) X * 2 (Instructional -Conditions) X ^Order of 
Conditions) analysis of variance based on magnitude of first 
dilation revealed a significant maip 'effect for Gi:oup (r=11.16, 
2/24 df, £ <.001) and a ^significant Group X^nstructional 
Condition interaction (F=7.27, 2/24 df ^ p <.01). ^.Inspection. ^ 
of the mealn log dilation scores presented in Table 5 shows that • 
while degree of. dilation was grealjgst for the first grade group^ 
the difference in delation as a function of instructional condi- ' 

\ 

tion was greatest for' the fifth grade group. 

A 3 (Groups) X 2 (Instructional Conditions) X 2 (Order of 
Condit!ions) analysis of vajJ^^^ce was performed, on latency, or 
time to first' dilation' peak. The only significant effects 

•revealed by this analysis ^ere the main effect for Instructional 
Condition (F=4.49V 1/24 df, £ <.05) and the Order of Conditions 
X Instructional Conditions interaction (F=7.02, 1/24 df p < .05) 

Since larqe error terms in the original analysis for puf- 
pil size differences su^est^ substantial between-groups variabi 
Uty in^pupil size, it was decided to determine if any group 
djlfferences* in variability existed. Standard deviations of un- 
transformed (bi^t With Constant added) pupil deviation scores • 
(18 per subject)\'^re_5!2l>culated for each subject. The average 
standard deviations for- the three groups were: first grade, ^11.14 
fifth grade, 7.74; retarded, 6.26. Analyses of these diffetenc6s= 
were- assessed by. t-tests which revealed signif ic^t differences 
in vari^aSTlity between first ^r'ade and fifth gt.ade subjects* . 
(t =^'2'. 48,' 8 df , ^l<'''t«^'';and between first grade, and retarded 
subjects (t = 2.65> 8 df / £ <^05r, but no 'significance' differ- ' 

'ence- between fifth grade and revealecl significant differences " 
in variibfility between, first grade and fifth grade subjects 



(t = 2.48, 8 df, £ <.05) and between first grade and retarded 
subjects (t = .2.65, 8 df, £ <.05), but no sicfnificant differ- .• 
ence between fifth grade and retarded subjects. 

Discussion 

' It must be concluded that these results support the hy-, 
pothesis that deliberate memorization only gradually emerges. a-s 
a type of encounter with information which" is separate from 
perception (Appel, Cooper , -McCarrell , Sims'-Knight , Yussen, &-Flave 
1972). ■youno'er children and retarded children remem'bered a com- 
parable number of words ^under instructions to remember and instruc 
tions to listen for olarity. Older children, on the other hand, 
remembered signif ipantly more words in the remember condition than 
in the listen contrition. ' ' - - ' 

Consideration of clustering, cumulative recall, and serial 
position data suggests some possible explanations of the differ- 
ential effects of instructional conditions for tfee three groups. 
While there was more clustering *in .recall by the first grade 
group than for any other group, fifth gtade subjects' mean cumu-^^ 
lative recall index was greater than that for younger subjects. 
This finding indicates that the older children wer^ possibly us- 
ing, cumulative, rehearsal strategies during /acquisitiQa. to a much 
greater degree, than were younger .children. r*- ' •/■,-■" 

While the finding of less clustering with, age is in-c6n- 
flict v/ith the majority of developmental studies of clustering,^ 
several studies have • reported failures to find increased clus- . 
terihg -with age (Rossi & Rossi, 1965; Rossi & Wittrock, 1967,; ^ 
Schultz, Charness, & Berman, 197-3). At least part of the dis- 

28 ' * ^ 
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crepant findings with respect to clustering may' be due to the 
use of different indices of clustering used by different in- 
vestigators, Bousfield's clustering index (Cohen & Bousfield, 
1956) is an index which is used widely, but It is perhaps in- 
appropriate in developmental studies. The use of children as 

'mi' 

subjects in free recall tasks usually requires:^ a short list with 
few categories and few items pel: gategpry, but Bpusfield's mea- 
sure underestimates amount of clustering when few categories 
and few items per category ate used. 

Another possible source of the discrepancies in the lit- 
erature concerns the way in which items are "presented to the 
subjects. Successive versus simultarrBOUS presentation may eli- 
cit different acguisitional strategies, since in one case (si-, 
multaneous) the subject has access to the entir^ set of stimuli 
from the beginning, and in the other case (sdccessive) he does' 
not. In t1ie Appel et al* (1972) s^tudy^ two experiments were 
reported, one involving successive and the other involving simul- 
taneous presentation. For the simultaneous task, older children 

w^re found to cluster much more than younger children. On the 

, • ' 

successive task, ^ the finding was that the clustering scores of 
older and younger gro^ips were more similar. The present finding 
of more^ clustering , by younger subjects could be due to the fact 
that the clustering index used in this study provides a more 
liberal estimate of' clustering than does the index, used by Appel 
et al. (1972) v/hen the number of words recalled is relatively 

few. ■ ■ ■ . ' 

The pupillary data, like the recall data,* seem to support 
the^ differentiation hypothesis/ As indicated by the significant 
interaction of Grotips X Conditions X Blocks of Frames^ the groups 
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pupil ^ize patterns were different over the course of word p^e- 
• ' sentation for the two instructional conditions. Likewise, the' 

differentiation hypothesis is supported by the significant Groups 
X conditions interaction found in the analysis performed -upon ■ 
first dilation magnitudes. 

In the first grad.e group, there was a tendency for pupil 
■I siz6 in the Remember condition to fall below that in the Listen 

' condition after the presentation of three or four words. A simi- 

' lar rapid decrease in pupil size has been reported when adults 
- were presented tasks which taxed their ability to process the 
, information presented (Peavler, 1974). The hypothesis suggested 
by these results is that first grade subjects may have found the 
task too demanding or confusing after the presentation of several 
words, and subsequently suspended whatever efforts they were di- 
recting toward acquiring the information.' The same^.phenomenon 
may have occurred in the retarded group, sinc6 their mean pupil 
size also decreased, but after the presentation of around six, 
rather than three or four words. 

Even though the pupillary results lend some support to 
- . the' differentiation hypothesis, they do not clarify the problem 
of 'knowing precisely what kinds of acquisitional strategies sub- 
jects were using. Kahnemar<has suggested that in order to make 
specific inferences from pupillary data, the f#^|stigator must 
have a theory of what the Subject is doing during the course of 
• ' the task (Kahneman & Wright, 1971). In other words, subjects • 

may engage in different cognitive activities during almost any 
particular task, and the pupillary response reflects this am- 
biguity v/herever. • it exists. In the present study, some inde- 
pendent evidence suggests that subjects were using at .least ^ 
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two different strategies (ciimulative recall and conceptual clus- 
tering) • It may be most accurate in this case to maintain that 
patterns of pupil size were reflective of cognitive effort in 
general rather than of particular cognitive strategies. This 
interpretation is one which can incorporate the failure to dis- 
cover any significant interactions involving instructional condi 
tion for the clustering an4 cumulative recall meH-sures. Instruc 
tional conditions may have had their greatest effect on moti- 
vation, or the propensity . to ^ert directed effort towards remera 
bering the .Isit and a lesser effect on the particular type of 
acquisitional strategy used. 

With respect to the contribution of the results of the 
present study to the understanding of nature of memory processes 
in retarded pepsons, se-^eral points can be made* The recall per 
formance data indicate that the retarded group's recall was more 
similar to that Qf the first grade group than to that of the 
fifth grade group — their CA peers. Inspection of the serial 
position curves, and the clustering and cumulative recall scores 
however, indicates more similarity between the retarded and. the 
fifth grade groups than between the retarded and the first grade 
groups. This result suggests .that while retarded subjeqts may 
have been^using acquisitional strategies similar to those used 
by their CA peers, their use of those .strategies may have been 
less efficient. The retarded subjects^, thep, may have chosln ^ 
appropriate acquisitional strategies, but were unable to apply 
them as efficiently .as their CA peers, and were unable to differ- 
entiate their use q£— i^e strategies as a function of tafSk demands 
Fifth grade subjects, on the other hand, were able to both choose 
appropriate strategies and to apply them efficiently in accord 
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"with the requirements of the two tasks, 

^ . ' ■ The Fieasures of variability of pupil size during word 
preseatation may be indicative of the consistency of effort 
distributed over the span of presentation. Variability was re- 
latively great for the first grade group, and this inconsis- 

0 

tency may be reflective of their inability. to generate sustained 

effort in the form of application of acquisitional strategies. 

The fifth grade and "retarded groups showed* less variability, 

suggesting that they Were mt>re able to exert directed sustained 

effort, although fifth grade nonretarded subjects' efforts re- 

suited in more efficient use of thQ acquisitional. strategies cha* 

« 

sen. 
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Table 1 

CA and IQ Characteri^st ics of Experimental Groups 









CA (yr. 


-mo. ) 


IQ 


Group 




N 


Me^n 


SD 


" Mean SD 


1st Grade 




10 


6- 7 


2.12 












N 




5th Grade 




10 • 


10-11 


5.87 ' 


• 


EMR (5th Grade) - 


10 


11-10 


8.85 


67 7 . 72 
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Table 2 
Number of Words Recalled 



Restricted Sample (N=3p) 
1st Gradfe (n=10) 5th Grade (^=10) MR (n=10) ^ 

R-emeraber Lfsten Remember Listen Remember Listen 



Mean 


3.40 


2.70 


5.50 


' 3.40 


3.80 


3.90 


SD 


1.17 


1.57 


1.18 


2.32 " 


1.69 


1.45 








Complete Sample .(N=47) 








.1st Gtade 


(n=19) 


5th Grade 


(n=13) 


MR (n= 


IS) 




Remember 


Listen 


Remember 


Listen . 


Remember 


Listen 


Mean 


3.74" 


2.84 


5.54 


3.38 


3.53 


3.67 


SD ■ 


1.14 


"1.54 


1.05 


2.10 


^ 1.46 


1.40 
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Table 3 














Clustering and Cumulative Recall Scores - 
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Group ' 


























1st Grade 


5th Grade 


MR 






















X 


58.20 


23.60 


38.30 ; 






Clustericvg 
















so 


64.06 


36.21 


35.01 




















Cumulative 


X 


-) .oU 


25. h5 V 


24.45 






Recall 








■ 








SD 


14.51 


28 0'2 

f 


23.30 
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Table 4 
Baseline I<og. Pupil Size 



, Mean 
•SD . 



1st Grade ^ 
Remember Listen 
2.90 2.97 
.31 . .13 



5th Grade 
Remember Listen 
' 2.70 . - 2.72 
.11 .11 



MR 

Remember Listen 

2.60 ,2.75 
.44 .39 
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Table 5 

Magnitude and Latency of FirSt Dilation 



Group 



> 






' 1st 
R 


Grade 
L 


, 5th 
R 


Grade 
L 


R 


MR 

L 




^Magnitude,. 


X 


2.90 


3.25 


2.87 


2.22 


1.99 


'2:25 




.1st Dilation 














.50 


• 


(logp* 


SD 


.65 


.24 


.42 


.74 


• .52 




Latency, 


X 


9.50 


9.00 


10.00 


22.00 


•10.50 


15.00 




1st Dilation 






• 


7.82 




6.85 


17.00 




(seconds) 


SD 


4.38 


4.59 


• IS. 29 
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Figure' Captions 

c 

I 

Figure 1. Serial position curves. 

Figure 2. Change in log pupil size by group and condition. 



Footnotes 



This clustering index is described by Frahkel and Cole 
(1971) as a percentage in clusters (PC) measure, aiid was se^. 
lected^ because it allowed for jnaximal comparison with a simi* 
lar index of cumulative recall. \ 
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Experiment II: Pupil Size Changes of Retarded and Nonretarded 
Adolescents During Di^fit Memory Tasks • 

Experiment II was designed to assess the sensitivity , of pupil 
size measurement to differences in processing of digits. Digit 
memory has been frequently studied in retarded populations (e.g. 
Ellis, 1970), and poor digit memory^is almost always found to 
*""covary with low IQ, According to Ellis (1970) interpretation* of 
poor digit Recall by retarded subjects, deficiencies in digit 
recall performance are due to failures to rehearse digits actively^ 
as^ they are presented. If pupil size changes are' reflective of 
'^^^tive cognitive processing, patterns of pupil size changes should 
be dif f e^rent for subjects who perform well on digit! recall tasks 
and those who perform poorly, ^ . i * \ 

An additional aspect of Experimental concerned an attempt 
to replicate one of the outcomes of Experiment I. ^ Seme ev;Ldence 
for differentiation -of proces_sin^ between the -Listen and Remember 
conditions was found in Experiment.! for the older subjects. Ad-- 
ministration of digit memory tasks under Listen arid Remember con- 
ditions in the present experiment provided a further test of the 
differentiation hypothesis. Both" retarded and nontetarded groups 
were expected to differentiate -their processing -efforts as a 
function of pre-task instruction. In order to increase the validity 
of the Listen instruction, three consecutive trials were adminis- 
tered in that condition, follpWed by three trials with a Remember 
instruction* . ' " "* • . ' 
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Procedure 



^ Subjects listened tq taped sixrdigit strings (one digit every, 
two seconds) ui^er, ^two Instructional conditions^ an instruction 
only to listen to"±he .dibits iL conditioh>,y aijd an explicit in-- 
struction to try- to remember the digits exactly as they' were heard 
iR condition); Each>> subjecf'f irst listened to three consecutive 
digit strings under the L condition. Instructions to a subject 
before trial L*^ were as follows: "You are going to hear some 
numbers. I want you to lisjien to the numbers, and after you lis- 
ten, I want you to tell me if you could hear them clearly. Do 
you understand? O.K.\ lets begin." Before trials L2 and L^, 
the experimenter said, "Here are -some more numbers. See if you 
can hear these numbers clearly." Following' trial I.3, subjects 
received an unexpected recall test*. The experimenter sa'id, "I 
know I didn't ask you to try to remember what .-numbers you heard, 
but can you remember the numbers you just hear.d? ' Try to remem- 
ber then 'exactly as -you _he,ard them."' The -experimenter then fe- 

r 

corded the subject ' s- report of recalled digits. Before the 

* 

beginning of trial R,, subjects were, given the following instir- . 
ucbion: ''"i'd like, for you to listen to some more numbers.- -This 
'time, after you hear each group, I will ask you to tell me exactly 
what numbers you heard. Try to 'remember, them just as you hear 
them. Do you understand? O.K., lets begin.". Following Trials 
R,, P._, and Ro, subjects' recall of digits were recorded. 

A procedure for scoring digit recall wds developed which gave 
credit for digits correctly recalled as well as credit for order 
of recall. The scoring criteria, were as follows^ .1 point for 
each digit correctly recalled { six points possible) , one point 
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for each pair of digits in correct order (five points possible), 
and one point for each initial or terminal digit in proper- 
position ( two points possible ) . Maximum digit recall score " 
possible, then, was 13, *. 

During all digit presentation trials, pupil size was photo- 
graphically monitored. The camera ran qontinuously for 3Ci^ 
seconds (two frames/second) on each trial. Three separate 
phases of each trial were identified: (1) Pre-Digits Baseline 
Phase: 10 seconds immediately preening the first digit, 

(2) Digits Phase: IQ seconds during digit presentation, and 

(3) Post-Digits Phase: 10 seconds immediately following pre- 
sentation "of the sixth digit "in each string. 

Subj ects ■ . ■• , ^ ** 

Ten- students from an EMR' classroom and eleven students 
■from a regular classroom in the same high school participated 
in the study. IQ- scores for the EMR students was obtained from 
their records,- and each score was -based on an administration 
of either the Stanf ord-Binet or WISC not more than two years 
prior to the date of the present experiment. Mean IQ for the 
retarded group was 68.60 (SD=11.46). Subjects from the regular 
Classroom were administered ' the Peabody Picture Vocabulary Test, 
and a mean IQ of 90.90 (SD=11.57) resulted. The two groups 
were matched for CA. Mean Ca' for the retarded group was 219.^00 
rrto. (SD=12;61 ftio.) , and mean CA for the nonretarded group, was 
217.09 mo. (SD=7.90 mo.). The groups were not equally consti- 
tuted by sex, as the sample was comprised of 14 boys and 7 girls 
Results 

Digit recall performance for the two groups is illustrated 
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■ Insert Figute One ^ . - 

'•^•i" _ >.^^2H^_li§H§ 

-in Figure. 1. A 2 (Groups) X '4 (Trials) analysis of .variance per- 
formed on these data resulted in sigi?ificant main effects for 
Groups (F=45.36, 3/57 df, £<.001), and a significant Groups 
X Conditions interaction ( F = 7.04, 3/57 df, p <.f)01). For ^ 
both retarded and nonretarded groups, Tukey multiple compari- 
sons indicated a significant (p <.01) increase in r^all per- 
formance on the first trial unc^er the intentional memory in^- 
struction '(Rj^) . When additional comparisons were made between 
performance on intentional memory trials (R2;R3) and perfor- 
mance on the incidental trial .(L3) r it w^s found that by trial 
R^, recall by retarded subjects was not significantly better 
than their recall' on trial L3. As is indicated in Figure 1, 
performance by nonretarded subjects gradually improved across ' 
intentional memory trials, while. that of retarded subjects 
declined. A furthejc breakdown of the significant Groups X 
ConditJLons interaction was performed by conducting Tukey com- 
parisons between groups on each trial. Those analyses showed 

-that only on Trial R3 did the difference in performance be- 
'tv.eon groups reach significance (p < . 01). 

Pupil size data were analyzed for eight subjects in each 
gsoup. Dat^ for a total of f ive 'subj ects had to be excluded 
due to an excessive number of unscofeable frames. 

The procedure of^ averaging pupillary deviations from base- 
line over five frames to constitute, blocks of ^ frames (BFs)„ de- 
scribed in the general procedures section was followed in the 
present experiment. Tor every trial, each subject ^s data con- 
sisted of an individual baseline mean pupil size (averaged over 

^the' first four BFs) , four BFs during digit presentations (digits 
phase) , and four BFs immediately following presentation of the 
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last digit (past-digits phase/. 

The first analysis performed on the pupillary data was 
a 2 (Groups) X 2 (Conditions) X 3 (Trials) X 2 (Phase) X 4 (BFs.) 
split-plot factorial. analysis of variance with the Groups fac- 
tor as the sole between-subjects factor (Kirk, -1968) . Signi- 
ficant effects were revealed only for two higher-order i^nter- 
actidns, the four-way interaction involving Groups, Trials, 
Phase, and BFs =*3.00, 6/84 df, £ <,05) and the five-v/ay 
interaction involving all factors (F = 2.35, 6/84 df, £ <.05). 
To simplify interpretation, of these complex interactions, se- 
parate analyses of variance were performed on pupil size data 
for the Digits and Post-Digits Phases broken down by individual 
trials. For Trial 1 data (L^^ vs R^^) during the Digit Phase, 
the only significant effect -was the Conditions X BFs interac- 
tion (F=5.74, 3/42 df, £< .005). Figure 2 suggests that this 



( Insert Figure 2 

about here 



interaction is due to gradually ijicreasing pupil size for both 
groups in the Remember Condition cJver trials, accompanied by 
a general decrease for both groups in the Listen Condition.^ 
No significant effects were 'found for Trial 2 data (L2 vs R2) • 
For Trial 3 data (L^ vs R-^) , a significant main .effect 'for 
Groups (F = 8.71, 1/14 ^f, £ <. 05). during the Post-Digits Phase 
indicated greater pupil size for the nonretarded group. 

Since the "Listen" instruction should have attained maximum 
credibility by Trial- L3, a comparison of pupil .size changes 
between Trials L3 and was of considerable interest. For that 

comparison, a significant Conditions X Bfs interaction was 



.found for both the Digits {F74.6b,, p/42 df, £.<.01) and the . 
Post-Digits Phase (F = 2.83, 3/42 df, £ <.05)» ' 
Discussion 

Consj-dering the digit recall data first, it is evident that 
while both 'groups of subjects demonstrated differentiation of 
effort for the two instructional conditions, Group differences 
are evident for performance of the task across trials. While " ^ 
npnretarded subjects' performance was found to improve over the 
intentional memory trials, the performance of retarded subjects 
declined over those trials to the point that their performance 
was significantly poorer by Trial . Since one- would ordi- 
narily expect improvement over trials\on the same type of task 
as a result of - practice, we might suppose that the i^etarded sub- 
j-ects were losing interest in the tAsk and investing less and 
less cognitive effort in trying to rehearse the .digits actively 
during presentation. 

With regard to pupillary data, the result of most interest 
is that th only significant effeot involving the Groups factor 
was found -in the Trial 3 analysis.' That is, the significant 
Groups difference on Trial R3 obtained. in the analysis of digit 
recall performance appears to have been paralleled by a similar 
Groups difference when pupil size data were analyzed. 

The pupillary data were expected to reflect differences 
as a function of instructional condition, ^ince such differences 
.were found for the digit recall data. While "some evidence was 
found to support that expectation (significant Conditions X 
BPS interactions in three of the analyses), pupil size. differ- - 
ences as a function of instructional condition were not found 
consistently across trials. ' " 
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Figure Captions 
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Figure 1 



Digit recall scores 



Figure 2 



Change in pupil size 
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General Conclusions * - ' * 

The prir.ary purpose of those studios was to determine the 
of foctivonc5^s of pupillary nica-surbinents as indicators of covert 
cognitive processes in retarded and non-retarded children. Since- 
.so little research of a similar nature had bc^en-done with child- 

" "ron as subjects, it was decided to collect pupillary data- while 
children performed ntorory tasks which are fairly coir.jnon in de- 
velopmental research. A necessary condition for raaking conclu- 

^ sicns about the v/orfch of pupillary noasuros was that the memory 
rt.'sults C'jnform to a larg.e ^.^^0^:00. to thoje results obtained by 
previous investigators. 

In both ^.xperiments I and II, this necessary condition v;as 
3 V' sifted. The coafinv^±ion 1ji E>:periront I was that older child- 
ren rrroo.T^bered r.ore words given an instruction to remember them 
than they did when given an in-struction merely to listen to the , 
v;9rds. Younger children and 'retarded childrons' recall did not 
differ In the Cwo oondit ior.s . Thus the r.ajor rosuli; obtained- 
by Appel ot'.al. (1972) was replicated. In Experiment II, the 
conf i rsnatjon was that intentional digit moinory was greater, for 
ncnretarded than for retarded sub j ects, a result obtained in a . 
great nu:r»ber of .investigations (6.g. Ellis, 1970) . 

With these necessary conditions i^atii^fied, the assumption was' 
» , \ < - f 

.0 

that relar.i-vely unair;bi9UOus interpretation of pupillary measure- 
could be made. Since much research indicates that developmental 

♦ 

inoinory dif f erences ■ are. due to differential uJse of active process- 

\ . ■ 

. ing strategics (e.g. Flavoll, 1970), and since )>lie results of many 

studies done with adults indicate that pupillary m^surcs can' 
" . . ■ ' ' ' . • \ 

■N reflect cognitive activity (e.g. Goldwater, 1972), differences 

•.\ . ' in pupillary measures ■ were expected to parallel mofpf-ry dft^Cir- 
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c-nces found, in the present c-xpc-fiirv.-nts . 

V.'hile the pupillary data are sunaostive in several respects, 
a rioso corrc<:r.ondonco . with recall data was obtained iij^ neither 
oxp.'r^.Tcnt. A rajor problem !-.iy hcivo l^een the relatively low 
po-.-;er of the statistic-al tpcl'-niquos employed. Cumbersome and. 
%.ir,c-cons\im<ng dai'a collection procedures linitod the number of 
subjects' data available for the aj^lyses performed on pupillary 
data. Since intra- and intersubject variability in pupil size 
cranycs v.-.s r.o arcat, dif f oi-.-noos due to rxporimental conditions 
or --jr-ovip r -;rbGi':?hip -T-ay r cjo rr^-.n obscurod by the ST.a-11 Ns. 

3eca-.5se the literature indicates that pupil size moasurements 
'rave boeh of seme use on cognitive tasks with adult subjects, and 
'•o -..jprity of those studios have involved rolativfily few subjects., 
fa f.ailure co obtain unambiguous results In the present studies 
is tu^zling. One possible oxi5lonation is that low-CA and low-tlA , 
subjects may exhibit greater variability on physiological measures^ 
than'. do nonretarded adult subjects. Bau'rei ster (1974) has proposed 
chat the performance of retarded subjects on a great number of 
di^fr-ront tasks j s .characterized by a degree of intra- and inter- 
subject variabirity greater than that found in. no'nretarded popu- 



lations . 
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Ah alternative explanation of . the lack of clarity in the pupil- 
lary findings is that uncontrolled m.ot*ivational factors confounded 
the results." Since' pupil size has l^oon- demonstrated, to , reflect 
states of arousal (Goldv.-ater , 1972) , differ-nt xBmotional reactions . 
lo the .experimenter or to various aspects of the experimental tasks 
could have affected the results. 

What'ovur the exr^lanation , however, two conclusions seem clear. 
The first is that more research is needed if a definitive answer 
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to Xho qjr..st3ons vposed 'in thjD present studies are to*be ar.Gv:ered. 

The rc-carch .<vhculd x3ncuestionabl:J^ ii^volve greater nuifbers of sub- 

; . y ^ ^ 

jocts and i.ore 5?ophisticatc-d i nstrunontKition to aid 'in *data. collec- 

i-icn. ■ " ' ' > . 

The c*:-co'nd conclus'i'bTi;. i^ay -conf 3!ict son'cv;ha.t 'with the first..* It 
is that ' investigators, ^4l-i- hay6^^ potential contribur 

tion\f data such as those c'cainst their cost in'teri?.s of time 
and Y.33f>fci^ces invested. questions v;bich are basic to. our • 

knovlo'.^ge df^^ differences in cognitive processing- 

bi 1 iiiyv can^ i:<}r ansv.3rod' 'A::rou^jh the use' of t <:^cbni<:ues which are 
s'jyiplor r:nd.rore s^r -:^J,cj«Frrv -.rd tJ.ort the- collection of pupillary 
f^.ata, thr-n^ oerhaps those alternatives should be -exercised . If, 
on.-the other hand, teqhniQuos.* for collection of pupillary cata 
can he rofihed scrr{iv:h|t, ai^ if the potential infoi'i ation obtaii^d 
is of great i'.rportance and, either inaccessible or irore difficu]^ 
ip '6br.3i.n through alternative measures, the collection of such 
odta should be encouraged. 
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